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Excimer lasers are pulsed gas lasers that use a mixture 
of a rare gas and halogen as the active medium to gen•
erate pulses of short wavelength, high energy ultraviolet 
light. A krypton-fluoride gas mixture was used to achieve 
an excimer emission at a wavelength of 248 nm. 
A total of 30 atherosclerotic coronary artery segments 
were irradiated over a range of pulse energies (250 to 
750 mJ), repetition rates (2 to 25 Hz), average powers 
(1.9 to 18.8 watts) and cumulative exposures (3 to 12 
seconds). In no case was there gross, light microscopic 
or ultrastructural evidence of the pathologic injury typ•
ically associated with continuous wave laser irradiation 
of coronary artery segments. Similar results were achieved 
after excimer laser irradiation of 30 samples of myo•
cardium. Excimer irradiation of calcified aortic valve 
Excimer lasers are pulsed gas lasers that use a mixture of 
a rare gas and halogen as the active medium to generate 
pulses of short wavelength, high energy, ultraviolet light. 
The principle of the excimer laser is illustrated in Figure 1. 
After application of an electrical discharge, energy absorbed 
by the individual atoms results in their being raised to a 
higher energy state. Electronic excitation of one of the atoms 
(the halogen) initiates bonding with the other atomic species 
(argon, krypton or xenon), resulting in the formation of an 
electronically "excited dimer" molecule or "excimer." As 
the molecule returns toward the ground state, short wave•
length (and corresponding high photon energy) ultraviolet 
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leaflets accomplished focal debridement without patho•
logic tissue injury; when total debridement was at•
tempted, however, gross charring was observed. 
The paucity of pathologic alterations observed after 
excimer irradiation of cardiovascular tissue may prove 
beneficial in precisely controlling laser ablation of patho•
logic tissue without injury to the surrounding normal 
tissue. Clinical application of excimer laser irradiation 
requires resolution of several issues, including the de•
velopment of suitable fiberoptics and laser coupling, 
evaluation of potential ultraviolet toxicity, and demon•
stration that ultraviolet light can be transmitted through 
a blood-filled system. 
(J Am Coli CardioI1985;6:1102-9) 
radiation is emitted. The precise wavelength emitted is de•
pendent on the gas mixture employed. 
Work carried out by Srinivasan and Mayne-Banton (1) 
in 1982 demonstrated that the far ultraviolet radiation emit•
ted by an excimer laser could be used to inscribe excep•
tionally clean and precise etching cuts in synthetic organic 
polymers, human hair, cartilage and corneal tissue. The 
present investigation was designed to determine if similarly 
precise results could be accomplished during excimer laser 
irradiation of human cardiovascular tissues. 
Methods 
Laser. All experiments were performed in vitro with an 
air-tissue interface. A krypton-fluoride gas mixture was used 
to achieve an excimer emission at a wavelength of 248 nm. 
The choice of tissues selected for these experiments was 
based on previously published studies which indicated that 
laser irradiation may be potentially useful in the treatment 
of coronary heart disease (2-6), primary myocardial dis•
orders (7) and calcific aortic valve stenosis (8). 
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Figure 1. Schematic outline of the principle of the excimer laser. 
UV = ultraviolet. 
Cardiovascular tissues. Atherosclerotic coronary ar•
tery segments were obtained at the same time of necropsy 
examination from patients with coronary heart disease and 
serially sectioned at 3 mm intervals. Segments were selected 
for these experiments if, by gross inspection, they were 
totally or subtotally occluded by atherosclerotic plaque. 
Specimens of myocardium were likewise obtained at the 
time of necropsy examination. Transmural (epicardium to 
endocardium) specimens, 4 mm in thickness, with no foci 
of fibrosis or necrosis by gross inspection were selected for 
study. Heavily calcified, three-cuspid aortic valves, excised 
at the time of prosthetic aortic valve replacement but oth•
erwise intact, were used in the present study if X-ray ex•
amination of the excised valve confirmed the gross impres•
sion of extensive calcific deposits. 
Laser irradiation. In vitro irradiation of the tissue spec•
imens was accomplished with a series of mirrors that were 
used to redirect the beam of the excimer laser from its 
horizontal exit so that it was perpendicular to a specimen 
placed flat on the tabletop. A lens with a focal length of 6 
cm was used to focus the beam at the midpoint of the tissue 
specimens. The beam had a rectangular configuration, with 
an incident spot size of 1.5 x 1.0 mm. The end point for 
laser irradiation of atherosclerotic coronary artery segments 
was the time required to bore through a 3 mm segment with 
a similar degree of cross-sectional area narrowing at both 
ends of the segment. The end point for laser irradiation of 
myocardium was the time required to bore through a 4 mm 
"breadloaf" slice of normal myocardium. The end point 
for laser irradiation of calcified aortic valve leaflets was the 
time required to accomplish extensive debridement of the 
calcific nodules. 
Average power delivery in watts was verified with an 
external laser power meter. Pulse duration was 15 nano•
(10- 9) seconds (ns). Repetition rate in pulses per second or 
hertz (Hz) was varied from 1 to 200 Hz. Pulse energy, in 
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joules per pulse, was calculated as average power divided 
by repetition rate. Peak power (in watts) was calculated as 
pulse energy divided by pulse duration. Fluence per pulse 
(in joules per mm2) incident on the tissue was calculated as 
pulse energy divided by incident spot size. 
Tissue examinations. After laser irradiation, each spec•
imen was grossly inspected for evidence of tissue charring, 
defined a gross blackening or apparent carbonization at the 
perimeter of the laser crater; the gross appearance of selected 
specimens was documented by macrophotography. The 
specimen was then cut into halves, parallel or perpendicular, 
or both, to the laser-irradiated surface. If necessary, the 
portion to be submitted for light microscopic examination 
was partially decalcified using a solution of 10% formic acid 
and formalin for 24 to 72 hours. The specimen was then 
cleared with xylene, impregnated with and embedded in 
paraffin and cut at 4 p- intervals. Sections stained with he•
matoxylin-eosin as well as sections stained with Richard•
son's combination of Verhoeff's elastic tissue stain and Go•
mori's trichrome stain were examined by light microscopy. 
The remaining half of the specimen was prepared 
for scanning electron microscopy by principal fixation of 
0.1 M cacodylate-buffered 3% glutaraldehyde (pH 7.3); the 
specimen was then post-fixed with 0.1 M cacodylate-buff•
ered 1% osmium tetroxide (pH 7.3), washed and dehy•
drated. After critical point drying, the specimen was coated 
with a gold-palladium mixture (40:60) and examined using 
an AMRAY-1000 scanning electron microscope. 
Results 
Atherosclerotic coronary artery segments. A total of 
30 coronary artery segments were irradiated with 248 nm 
over a broad range of pulse energies (250 to 750 mJ), rep•
etition rates (2 to 25 Hz), average powers (1.9 to 18.8 watts) 
and cumulative exposures (3 to 12 seconds) (Table 1). Grossly 
evident charring was not observed in any laser-irradiated 
segment. Likewise, the histologic hallmarks of continuous 
wave laser irradiation-a superficial zone of coagulation 
necrosis (so-called zone of thermal injury) and a subjacent 
zone of polymorphous lacunae-were not observed under 
Table 1. Excimer Laser Irradiation of Cardiac Tissues 
(wavelength = 248 nm) 
Pulse Repetition Average Exposure 
Tissue Energy (mJ) Rate (Hz) Power (watts) (seconds) 
Athero- 250 to 750 2 to 25 1.0 to 18.8 3 to 12 
sclerotic 
coronary 
artery 
Calcified 50 to 750 10 to 200 I to 50 10 to 200 
aortic valve 
Myocardium 3 to 750 1 to 200 0.6 to 18.8 1 to 68 
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Figure 2. Light microscopic findings after excimer laser irradiation of atherosclerotic coronary artery plaque. There is a superficial zone of linear 
discoloration at the perimeter of the neolumen; otherwise, no remarkable alterations are observed. Top, Verhoeff's elastic tissue stain (left) and 
Richardson's stain (right) x 4; bottom, Verhoeff's (left) and Richardson's (right) stain x JO (all reduced by 10%). 
:i2 
tTl•~'" n Z _tTl 
~;<l 
tTl tTl 
;<l-l 
r» »r "'. 
tTl 
;<l 
~ 
(5 :; 
3 n 
[n 
-< 
",,0 00'-~P' 
:::;z 
~~ 
"" v. 
JACC Vol. 6, No.5 
November 1985:1102-9 
any conditions, Light microscopic findings were limited to 
a discontinuous fine line of linear discoloration at the pe•
rimeter of the neolumen. This line had a basophilic hue on 
hematoxylin eosin-stained sections (Fig. 2) and a magentoid 
hue on Richardson-stained sections (Fig. 2), 
Scanning electron microscopy of these coronary arter.>' 
cross-sections (Fig. 3) disclosed a sharp, finely etched ho•
mogeneous neoluminal perimeter and confirmed the light 
microscopic observation regarding the absence of coagu•
lation necrosis or polymorphous lacunae. 
Calcified aortic valve leaflets. A total of five heavily 
calcified aortic valve leaflets were irradiated with 248 nm 
in an attempt to debride the calcific nodules. Pulse energy 
ranged from 50 to 750 m], repetition rate was 10 to 200 
Hz, average power was I to 50 watts and cumulative ex•
posure was 10 to 200 seconds. 
Varying degrees of calcific debridement were accom•
plished, It was possible to accomplish focal debridement 
without any associated gross, light microscopic or ultra•
structural evidence of charring (Fig, 4). The hematoxylin 
eosin-stained sections taken from the site of such focal 
debridement disclosed only fine, linear basophilic discol•
oration along the edge of the calcific deposit that was ex•
cimer-irradiated; there were no other light microscopic signs 
of pathologic injury. Scanning electron microscopy dis•
closed sharp precise edging, again with neither coagulation 
necrosis nor polymorphous lacunae. 
Attempts to accomplish total leaflet debridement, how•
ever, produced frank charring; charring, in fact, occurred 
in each case before substantial debridement was achieved. 
Notably, the cumulative exposure required (200 seconds) 
for even this limited amount of debridement greatly ex•
ceeded that required for any of the other excimer applica•
tions studied in this series of experiments. 
Figure 3. Scanning electron photomicrograph (x 22) of athero•
sclerotic coronary artery segment after excimer laser recanaliza•
tion; note precise edging (arrows) (reduced by 33%). 
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Figure 4. Focal calcific debridement of a calcified aortic valve 
leaflet. Gross photograph (top) discloses no charring. Light mi•
croscopy (middle) shows no evidence of thermal injury along the 
laser-irradiated right margin of the nodule compared with the non•
laser-irradiated left margin of the nodule. Scanning electron mi•
croscopy (bottom) discloses a laser-induced crater with sharp edges 
and no evidence of thermal injury, (Middle, hematoxylin-eosin 
stain x 4; bottom, hematoxylin-eosin stain x 22, both reduced 
by 35%.) 
Myocardium. A total of 30 samples of normal myo•
cardium, 0.4 to 0.5 cm in thickness, were irradiated with 
248 nm using pulse energies of 3 to 750 m], repetition rates 
of I to 200 Hz, average powers of 0.6 to 18,8 watts and 
cumulative exposures of I to 68 seconds. 
Regardless of the depth to which excimer irradiation was 
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extended, when the myocardial slices were positioned at the 
focal point of the lens used to focus the excimer beam, gross 
charring was never observed (Fig. 5); light microscopic 
examination similarly disclosed neither coagulation necrosis 
nor polymorphous lacunae (Fig. 5) on sections of irradiated 
tissue selected from the entry, mid and exit points of the 
excimer beam. Scanning electron microscopy disclosed no 
pathologic alterations of the walls of the myocardial crater 
in most cases. No significant differences in tissue histologic 
features or ultrastructure were observed over the range of 
pulse energies and repetition rates employed in this study 
for anyone of the three types of cardiovascular tissue. At 
Figure S. Top, Four myocardial troughs resulting from excimer 
laser irradiation using 370 mJ pulses at a repetition rate of 25 Hz 
for cumulative exposure times of (right to left) 2, 10, 20 and 40 
seconds, respectively. The edges of all four troughs are finely 
etched and demonstrate no gross charring. Bottom, Light micro•
scopic sections taken from entry (left) and exit (right) sites of the 
40 second trough show no signs of thermal injury. (Hematoxylin•
eosin stain x 25, reduced by 35%.) 
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the fastest repetition rates (200 Hz), "pruning" or "wrin•
kling" of the myocytes was observed (Fig. 6) over a distance 
of 650 /-L from the edge of the laser crater; in addition, there 
were rare, polymorphous lacunae. 
When myocardium was irradiated with 248 nm using a 
similar energy profile but without focusing the beam, grossly 
evident charring (Fig. 7) resulted and was associated with 
histologic findings of coagulation necrosis and polymor•
phous lacunae. Scanning electron microscopy confirmed the 
light microscopic pathologic findings. 
Discussion 
Continuous wave lasers. Initial attempts to apply laser 
irradiation to the treatment of cardiovascular disorders em•
ployed continuous wave lasers, including argon and neo•
dymium:yttrium-aluminum-gamet (Nd:YAG) lasers. These 
Figure 6. Scanning electron photomicrograph of myocardium after 
excimer irradiation (3 mJ, 200 Hz, 41 seconds). The walls of the 
trough are smooth, with only rare lacunae. The myocytes at the 
perimeter of the trough have a "wrinkled" "pruned" appearance 
(top, x 62.1; bottom, x 101; both reduced by 29%). 
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lasers were selected in large part because the wavelengths 
and energies of light emitted could be easily coupled to and 
transmitted by fiberoptics that were commercially available, 
inexpensive, flexible and nontoxic, 
Analysis of photoproducts generated by continuous wave 
laser irradiation of cardiovascular tissues has confirmed that 
the mechanism by which tissue vaporization is achieved with 
these lasers is a thermal one (9), Such is the case for most 
lasers previously employed for biomedical purposes, Not 
surprisingly, thermal injury of the residual laser-irradiated 
surface is a consistent consequence of continuous wave laser 
irradiation (10,11), Grossly thermal injury is manifested by 
charring that is easily recognized by nonmagnified visual 
inspection, The light microscopic appearance is likewise 
typical: a superficial zone of coagulation necrosis interdi-
Figure 7. Myocardium after excimer irradiation delivered at focal 
spot (top) and proximal to the focal spot (bottom); the latter 
resulted in gross evidence of thermal injury, 
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gitates with a subjacent zone of polymorphous lacunae. 
Ultrastructural examination by scanning electron micros•
copy indicates that the zone of coagulation necrosis gen•
erally measures at least 500 IL in width; the polymorphous 
lacunae vary in size from 30 to 135 IL. It is encouraging to 
note that the limited amount of available in vivo follow-up 
data regarding continuous wave-irradiated cardiovascular 
tissues in experimental animals has failed to disclose une•
quivocal evidence that such thermal injury is necessarily 
deleterious (12,13). Concern exists, however, that longer•
term follow-up study of in vivo continuous wave laser•
irradiated human coronary arteries might indicate that such 
thermal injury predisposes to recurrent thrombosis or re•
stenosis, or both. Furthermore, the relatively unpredictable 
extent of thermal injury of the arterial wall that occurs during 
experimental laser angioplasty is to some extent responsible 
for those cases of arterial wall perforation that complicate 
laser angioplasty (14). 
Pulsed laser irradiation. Because previous applications 
(1) of pulsed ultraviolet irradiation from an excimer laser 
were found to be associated with a paucity of gross and 
histologic alterations, the present series of in vitro experi•
ments were undertaken to determine if similar results could 
be achieved with the energy doses of excimer irradiation 
required to ablate various cardiovascular tissues. The results 
of our experiments indicate that the previously published 
experience of Srinivasan and Mayne-Banton (1) is, in most 
cases, transferrable to cardiovascular tissues. No gross or 
microscopic evidence of thermal injury was observed during 
focused excimer laser irradiation of atherosclerotic coronary 
artery segments or slices of myocardium, regardless of which 
combination of energy profile variables was selected. Scan•
ning electron microscopy disclosed rare, isolated small la•
cunae that were not observed by light microscopy. Other•
wise, ultrastructural evidence of tissue injury was limited 
to "pruning" or "wrinkling" of the myocytes adjacent to 
the site of tissue ablation. This corresponded to a linear zone 
of basophilia at the perimeter of the laser "crater." 
Excimer thermal injury. Charring was observed under 
only two circumstances. The first was during protracted (200 
seconds) laser irradiation of heavily calcified aortic valve 
leaflets. This finding may indicate that photoablation of 
extensive calcific deposits is not possible using ultraviolet 
irradiation. On the other hand, focal calcific deposits in 
atherosclerotic coronary arterial segments as well as focal 
sites of aortic valve calcium were readily vaporized. 
Charring was also observed when the excimer beam was 
used in an unfocused manner, that is, when the tissue spec•
imen was irradiated proximal or distal to the focal spot. 
Such nonfocused use of the excimer beam results in a lower 
energy density or photon flux at the irradiated surface. The 
resulting pathologic injury may reflect this lower energy 
density. Alternatively, the longer exposure time required to 
vaporize a given volume of tissue in this manner may ul-
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timately overwhelm the heat dissipating capabilities of the 
tissue adjacent to the target site. 
Mechanism. The precise mechanism responsible for the 
superior gross and microscopic results achieved with the 
excimer laser remains to be determined. A similar paucity 
of signs of thermal injury has been observed with megawatt 
range, peak power pulses from an Nd: Y AG laser delivered 
at a low repetition rate (10 Hz) (15), suggesting that the 
absence of charring is not a wavelength-dependent phenom•
enon. The high peak powers allow a reduction in both rep•
etition rate and cumulative exposure required to accomplish 
a given extent of tissue vaporization. If the interval between 
each pulse is sufficiently long and the cumulative exposure 
sufficiently brief, the heat generated by each pulse may be 
dissipated before delivery of the subsequent pulse. As a 
result, thermal warming or burning of tissue outside the path 
of the laser beam might be avoided (16,17). Alternatively, 
the high photon flux characteristic of these lasers may allow 
photodissociation (18) or photodisruption (19) of the target 
tissue. 
Potential benefits. The findings described here for ex•
cimer laser-irradiated cardiovascular tissues suggest that these 
lasers may have potential benefits for cardiovascular appli•
cations. Elimination of pathologic alterations, such as co•
agulation necrosis and polymorphous lacunae, might pos•
sibly facilitate a more benign healing process and a less 
thrombogenic surface and better preserve structural tissue 
integrity. Furthermore, if tissue vaporization can be accom•
plished without heating nontarget "normal tissue" (for ex•
ample, coronary artery wall), the principal complication of 
laser atherolysis-perforation of the underlying wall•
might be more readily avoided. It must be acknowledged, 
however, that these potential benefits are unproved. 
Liabilities. At the same time, the excimer laser has sev•
eral oustanding liabilities. First, commercially available glass 
fiberoptics typically used to transmit continuous wave laser 
irradiation cannot easily couple to or transmit from excimer 
lasers the high peak powers associated with its beneficial 
tissue effects. Use of the excimer laser in a percutaneous 
manner will require the development of both a coupling 
system and a flexible, nontoxic, low profile fiberoptic that 
can withstand these peak powers and transmit them without 
excessive losses. 
Second, concern has been raised regarding the demon•
strated carcinogenicity of ultraviolet irradiation of human 
tissues (20). Although the doses required for cardiovascular 
applications are less, by comparison, than those associated 
with circumstances or applications of ultraviolet light that 
have been shown to be toxic, and although repair mecha•
nisms for ultraviolet-induced damage do exist in normal 
human tissues, this potential toxicity of the excimer laser 
nevertheless merits further scrutiny. 
Third, because all of the wavelengths of the excimer 
spectrum are readily absorbed by hemoglobin (21), it re-
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mains to be shown that the precise tissue ablation accom•
plished wtith these wavelengths in vitro can be duplicated 
in a blood-filled system. If schemes cannot be devised to 
obviate this limitation, the use of excimer irradiation may 
be limited to "dry" (for example, intraoperative [22]) 
applications. 
Finally, it must be acknowledged that the experiments 
described in this investigation have not established a precise 
dose-response relation between the energy dose required for 
a given volume of tissue ablation, as has been demonstrated 
for noncardiovascular tissues (18). Likewise, the entire 
spectrum of ultraviolet wavelengths has not yet been sys•
tematically compared to ensure that the tissue effects are 
identical at all wavelengths (for example, 193, 308 and 351 
nm). To date, our preliminary experience with these alter•
native wavelengths has disclosed no important differences 
in gross, light microscopic or ultrastructural findings. More 
extensive evaluation of these alternative wavelengths will 
be required to confirm our preliminary findings. 
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